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Abstract
Many advances in the cosmetic

industry have increased our ability to
enhance youth and beauty. Hair-
coloring products are one such
innovation. Over the past several
decades, a significant amount of work
has been dedicated to understanding
the possible long-term side effects
associated with hair-dye use,
specifically looking at cancer risk.
This paper describes the hair-coloring
process, highlights the potentially
carcinogenic ingredients in various
hair-dying products, and reviews the
epidemiological evidence relating
personal hair-dye use to the risk of
developing several types of
malignancies. 

Introduction
Historically, hair has functioned as

a social indicator of attractiveness,
femininity, masculinity, health, and
beauty. Maintaining the color of one’s
hair has become of critical
importance, especially in a society
focusing more and more on
youthfulness. In essence, gray hair is
equated with old age. As such, dyeing
one’s hair is popular among
consumers attempting to project a
more youthful look.

The association between the
application of hair dye and the
development of cancer has been a
topic of debate over the past several
decades. Despite these controversies,
it has been estimated that 66 to 74

percent of women use hair-coloring
products.1 Therefore, the causal
relationship between cancer and hair-
dye application raises an important
public health concern.

This article critically examines the
potential risks of hair-dye coloring.
The different types of hair dyes
available to consumers on the market
and the process involved in hair
coloring are reviewed. In an attempt
to debunk the myth relating hair-dye
exposure to cancer development, the
available meta-analytic studies for
bladder, hematological, breast, skin,
ovarian, and cervical malignancies are
reviewed. Meta-analyses questioning
the use of hair-dye risk to offspring of
pregnant women were not found, but
given that many pregnant patients
frequently ask questions on the use of
hair-dye exposure and fetal risk, all
known studies are reviewed.

Historical perspectives
In the United States, the United

States Food and Drug Administration
(FDA) regulates the safety of
cosmetic products. Additionally, the
Cosmetic Ingredient Review (CIR)
program was established in 1976 by
the Cosmetic, Toiletry, and Fragrance
Association (CTFA) to provide an
independent expert assessment of
product safety. It is now known as the
Personal Care Products Council. 

Chemicals contained in hair dyes,
particularly aromatic amines, are
mutagenic in vitro,2–26 carcinogenic to
animals,18–31 and able to penetrate
human skin.32–41 In 1980, the FDA
required label warning on hair dyes
containing 4-methoxy-m-
phenylenediamine (4-MMPD) stating
the following: “contains an ingredient
that can penetrate your skin and has
been determined to cause cancer in
laboratory animals.”42 In addition, hair
dye products containing 4-chloro-m-
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phenylenediamine, 2,4-
toluenediamine, 2-nitro-p-
phenylenediamine, and 4-amino-2-
nitrophenol have also been found to
exhibit dermal penetration in humans
and have produced carcinogenic
effects on laboratory animals.42 In
response, the cosmetic industry has
stopped incorporating such
ingredients into hair dyes, resulting in
drastic formulary changes post-1980s.
At this time, commercially available
hair-dye formulations contain
chemical ingredients that are similar
to the aforementioned banned
ingredients (Table 1). 

Hair shaft anatomy and the science
behind hair-dye coloring 

Hair should be thought of as two
distinct anatomical sections, namely,
that which grows below the skin’s
surface and that which is seen
externally. The first section of hair is
located beneath the skin surface. This
portion consists of various cellular

layers that give rise to the second
section of hair known as the hair
shaft. The hair shaft is a
proteinaceous substance that grows
above the skin’s surface and is the
actual section of hair that is dyed. 

The hair shaft is made up of three
major components. From outermost
layer to innermost, these consist of
the hair shaft cuticle, the hair shaft
cortex, and the hair shaft medulla.
The hair shaft cuticle is made of
several thin, flat, enucleated
keratinocytes, similar to the
keratinocytes that form the stratum
corneum of the epidermis. Thus, the
cuticle forms a protective barrier
around the entire hair shaft. The
cortex of the hair shaft contains
bundles of keratin fibers, arranged in
a vertical, rod-like fashion, that
actually give shape and support to the
hair structure. Finally, the medulla is
an air-filled space at the center of the
hair shaft that currently has no known
biological function. All hair shafts

have a cuticle and cortex, but very
few actually have a medulla. 

Hair color is attributed to the
presence of melanin pigment in the
keratinocytes of the hair shaft
cortex.43 Modification of hair color can
be achieved by the following two
methods: removal of cortical melanin
pigment via bleaching or addition of
artificial pigment via application of a
hair dye. Commercial hair dyes are
classified into the following three
main subtypes according to color
permanence: temporary, semi-
permanent, and permanent.1 For the
purpose of this manuscript, a
reference to hair dye will include
temporary, semi-permanent, and
permanent dyes unless otherwise
specified. 

Temporary dyes weakly adhere to
the hair shaft cuticle via van der
Waals forces, but do not penetrate the
hair cortex.44–45 Van der Waals forces
are relatively weak attractions
between atoms, molecules, and
surfaces that rely on fluctuating
polarizations of nearby particles.
Figure 1 demonstrates the very
superficial attachment of temporary
hair dyes to the outermost layer of
the hair shaft. In direct contrast,
permanent dyes penetrate deeper
into the hair shaft, passing through
the hair cuticle and are deposited
completely into the cortex, as
captured in Figure 2. This process
requires the formation of both
covalent and ionic bonds, the process
of which is explained below. Lastly,
semi-permanent dyes coat the hair
shaft cuticle in a similar fashion to
temporary dyes while also partially
infiltrating the cortex.45 The semi-
permanent dyes are retained within
the hair shaft by van der Waals forces. 

Permanent hair dyes differ from
temporary and semi-permanent dyes
in several ways. First, as the name
implies, this type of hair dye is
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TABLE 1. Types of hair dyes and ingredients in hair dye formulations

HAIR DYE TYPE INGREDIENTS

Temporary

Azo derivatives
Azine derivatives
Thiazine derivatives
Indoamines
Triphenylmethane

Semi-permanent

Nitroanilines
Nitrophenylenediamines
Nitroaminophenols
Azo derivatives
Anthraquinone

Permanent

Para-phenylenediamine
Para-toluylenediamine
Substituted para-diamines
Ortho- or para-aminophenols



permanent and is not removable by
shampooing, whereas temporary dyes
are easily washed out in one shampoo
rinse,44–45 and semi-permanent dyes
are removed in 4 to 12 shampoos.44–45

Second, temporary and semi-
permanent products are direct dyes
that do not require chemical reactions
to impart color and rely on van der
Waals forces for adhesion. Permanent
dyes are actually colorless precursors
and require a developer to impart
color.1,44–45 Developers contain
hydrogen peroxide, which serves
several functions—it causes swelling
of the hair cuticle, allowing for
diffusion of the colorless precursor
into the hair cortex; it bleaches the
natural melanin pigment; and it
catalyzes the oxidation of the
colorless precursor into large colored
molecules, which become trapped
inside the hair cortex.1,44–45 Color is
infused into the hair shaft rather than
just painted over it. The hair shaft
sustains oxidative damage with
permanent hair-dye use. The damage
is accentuated with the use of dark-
colored dyes (black, dark-brown)
because darker shades need higher
concentrations of precursors.1 The
destructive nature of permanent hair
dyes, especially dark-colored dyes, is
reflected in the epidemiological
evidence demonstrating its potential
association to human malignancy. 

Review of epidemiolgical data on
association with malignancy

Bladder malignancy. In the
United States, the incidence of
bladder cancer has increased more
than 50 percent during the past two
decades, while the mortality rate has
shown steady decline.46 In 2008, the
United States reported an estimated
69,000 new cases with 14,000
deaths.46 Known risk factors for
transitional bladder carcinoma include
cigarette smoking, occupational

exposure to aromatic amines, and
urinary tract infection with
Schistosoma haematobium.47

Structural similarities between the
aromatic amines used in industrial
dyes and the commercially available
hair dyes, especially those sold before
the 1980s, instigated numerous
epidemiological studies into this
subject.47 To date, three published
meta-analyses have examined the
epidemiological evidence relating
personal hair dye use to the risk of
bladder cancer. Of the three, one
study found a significant relationship
to hair-dye use and bladder cancer,
whereas two did not. 

Huncharek et al48 combined data
from six case-controlled studies and
one cohort between the years 1980
and 2001 and did not find an
association between bladder cancer
and hair dye.48 Initial pooling of the
data from the seven studies yielded a
nonsignificant relative risk (RR) of
1.01 (95% confidence interval [CI]:

0.92–1.11) for any type of hair dye
use. However, the data were re-
evaluated after excluding three
studies. Studies by Altekruse et al,60

Stavraky et al,61 and Howe et al62 were
eliminated for three reasons. First,
the cohort by Altekruse et al was
eliminated because cancer mortality
rather than cancer incidence was
used as the study endpoint.
Superficial bladder cancer is often
nonfatal and cancer mortality may not
reflect the total number of cancers
associated with hair-dye use. Second,
the study by Stavraky et al was
eliminated because urinary tract
cancers were not stratified based on
anatomic location. As a result, the
data represented combined risk of
bladder cancer and other neoplasms
of the kidney. Finally, the study by
Howe et al was eliminated due to
small study population. Pooled
analysis excluding these studies
produced a statistically significant RR
of 1.50 (95% CI: 1.30–1.98) for any
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Figure 1. Microscopic view at 400x of a
gray hair stained with temporary hair dye.
The temporary black hair dye has a 
superficial absorption of the gray hair’s 
outer root sheath and can be seen coating
the outside of the hair shaft as black clumps.

Figure 2. Microscopic view at 400x of a
gray hair stained with permanent hair dye.
The permanent black hair dye has deep 
penetration into the cortex and cuticle of 
the gray hair, as seen here as the intense
dark band in the center of the hair shaft. 



[ J a n u a r y  2 0 1 3  •  V o l u m e  6  •  N u m b e r  1 ]4242

QUESTIONS • CHALLENGES • CONTROVERSIES

type of hair-dye use. Based on these
results, Huncharek et al concluded
that a positive association existed
between personal use of hair dye and
bladder malignancy. 

In direct contrast to the findings
above, there have been two additional
investigations that negate the
association between hair-dye use and
bladder malignancy. Takkouche et al49

combined the data from nine case-
controlled studies and one cohort
between the years 1977 and 2004.
Ultimately, they included three case-
controlled studies that were not
incorporated into the meta-analysis
by Huncharek et al. In addition, the
cohort study was updated with a
longer follow up. They did not
observe an association between hair-
dye use and risk of bladder cancer
(RR 1.01, 95% CI: 0.89–1.14).
Furthermore, RR remained
nonsignificant despite stratification
based on permanent hair-dye
application and intense dye
exposures, defined as greater than
200 lifetime exposures to hair dyes. 

A more recent meta-analysis by
Kelsh et al50 combined data from 11
case-controlled studies and one
cohort study between the years 1977
and 2006. An association could not be
substantiated based on the pooled
data (RR 0.97, 95% CI: 0.87–1.08). RR
remained nonsignificant despite
stratification of the data based on
permanent hair-dye use, dark-colored
hair-dye use, duration of hair-dye use,
and lifetime applications of hair dye. 

Despite the positive correlation
concluded by Huncharek et al, after
selectively disregarding results from
certain case-controlled studies, the
bulk of the meta-analysis data does
not support an association between
personal hair-dye use and bladder
malignancies. 

Hematological malignancies. In
the United States, the incidence of

leukemia, lymphoma, and multiple
myeloma have been on the rise. The
role of hair dye as an etiological agent
has been explored in several
epidemiological studies. One meta-
analysis, combining data from 31
case-controlled studies and nine
cohorts, has revealed a slight increase
in risk of hematopoietic cancers for
any user of hair dye (RR 1.15, 95% CI:
1.05–1.27).49 The increased risk was
primarily attributed to the data in the
31 case-controlled studies (RR 1.23,
95% CI: 1.09–1.39), and the risk was
more specific to men (RR 1.57, 95%
CI: 1.33–1.84). 

Non-Hodgkin’s lymphoma. In the
United States, the incidence of non-
Hodgkin’s lymphoma (NHL) has risen
by 80 percent from 1973 to 1997, with
a three-percent increase annually.
This large increase in incidence is
undefined and cannot be attributed to
improved diagnosis or known risk
factors.51–52 Known risks include
genetic susceptibility, primary or
acquired immunosuppression, and
infectious agents, such as the
Epstein-Barr virus, human T-cell
lymphotropic virus-I, human herpes
virus 8, hepatitis C, and Helicobacter
pylori.51–52 Lifestyle factors, such as
cigarette smoking, hair-dye use,
sunlight exposure, and dietary intake,
have also been studied.51–52

Highlighting the epidemiological
studies on hair dyes, two meta-
analyses have demonstrated elevated
risk of NHL in hair-dye users;
however, this elevated risk was
refuted by two recent case-controlled
studies that show no such association. 

Results of one meta-analysis
indicate an increased risk of NHL in
any hair-dye user (RR 1.23, 1.07–1.42,
95% CI).49 Correspondingly, Zhang et
al53 demonstrated that any hair-dye
use before 1980 had a positive
association to NHL (OR 1.2, 95% CI:
1.0–1.3), primarily in women.

Furthermore, the results revealed
increased risk of a NHL subtype,
follicular lymphoma, regardless of the
year of application (OR 1.3, 95% CI:
1.0–1.6). This risk was further
increased in individuals who dyed hair
before 1980 and with the use of
permanent or dark-colored dyes.
Future research may seek to further
explore these variables, namely, the
use of dark and permanent hair-
coloring products and the use of hair-
coloring products prior to 1980, all of
which have been hypothesized to be
potently carcinogenic. 

A case-controlled study examining
the association between NHL and
genetic variations in the enzyme
utilized to metabolize aromatic
amines, N-acetyltransferase (NAT),
yielded positive results.54 Risk of NHL
was not increased in users of hair dye
after 1980, but prior to 1980 risk of
NHL was increased four-fold in
women who used permanent, dark-
colored dyes for greater than 15 years
(OR 3.9, 95% CI: 1.2–12.5). However,
stratification based on NAT subtype
revealed an increased risk in women
who were NAT2 rapid or intermediate
acetylators. Among the NAT2
rapid/intermediate acetylators, the
highest risk was observed in subjects
exposed to dark-colored, permanent
dye with greater than five applications
per year, in subjects with greater than
five years of hair-dye application, and
in those with more than 25
cumulative hair-dye applications. In
addition, permanent hair dye used
before 1980 in women who are
homozygous or heterozygous for the
NAT1*10 allele revealed an increased
risk of NHL compared to women
without the NAT1*10 allele. This risk
was more pronounced with dark-
colored permanent dyes. These
results suggest that there may be a
genetic predisposition toward
development of NHL in certain
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subsets of hair-dye users. 
Hodgkin’s lymphoma. In the

United States, the incidence of
Hodgkin’s lymphoma (HL) is on the
decline and has decreased more than
16 percent from 1973 to 1996.55 The
mortality rate has plummeted even
more with a 65-percent decline over
the same period, and an annual
decrease of four percent, secondary
to the advent of effective therapeutic
regimens.55 Known risk factors for HL
are genetic susceptibility, Epstein
Barr virus, and acquired
immunodeficiency syndrome.55

Postulated associations with
occupational exposures have not been
verified. On personal hair-dye use, the
meta-analysis by Takkouche et al49 did
not reveal a significant increased risk
when stratifying for HL (RR 0.88, 95%
CI: 0.54–1.42). 

Leukemia. In the United States,
the incidence of leukemia has been
stable.52 Known risk factors include
exposure to ionizing radiation,
electromagnetic fields,
chemotherapeutic agents, and viral
agents. Occupational exposures to
formaldehyde, benzene, and dioxins
as well as agricultural pesticides and
herbicides have also been associated
with increased risk.52

The risk of personal exposure to
hair dye was assessed by a meta-
analysis by Takkouche et al.49

Stratification of data on leukemia did
not reveal a significant increased risk
(RR 1.12, 95% CI: 0.94–1.34). 

Multiple myeloma. Multiple
myeloma is observed most often in the
elderly. In the United States, the
incidence of multiple myeloma is on
the rise due to an increasing elderly
population.52 Occupational exposure to
chemicals, such as pesticides,
fertilizers, petrochemicals, and wood
dust, have been associated with
increased risk.52 On personal hair-dye
use, the meta-analysis by Takkouche et

al demonstrated no increased risk of
multiple myeloma in ever users of hair
dye (RR 1.11, 95% CI: 0.95–1.31).49

In summary, the authors can
extrapolate that there is likely an
increased risk of developing NHL in
hair-dye users. Also, the data show
that the number of hair-dye
applications and the darker colored
dyes increase risk of malignancy. 

Breast malignancy. Breast cancer
is the most common noncutaneous
female malignancy in the United States
with 182,460 new cases diagnosed
each year. The rising incidence of
breast cancer is thought to be due to
increased detection with screening
mammography, and the incidence of
mortality has drastically declined over
the past three decades. Risk factors for
breast cancer are multifactorial and
include age, gender, ethnicity, history
of benign breast disease, previous
history of breast cancer, family history,
genetic influences, reproductive and
hormonal factors, exposure to ionizing
radiation, lifestyle and dietary habits,
and environmental exposures. The
association between hair dye and
breast cancer was explored in the
meta-analysis by Takkouche et al.49

Data pooled from 12 case-controlled
studies and two cohort studies did not
reveal a significant association between
female breast cancer and any hair-dye
users (RR 1.06, 95% CI: 0.95–1.18),
permanent dye users (RR 1.00, 95%
CI: 0.94–1.05), or users with more than
200 lifetime exposures to hair dye (RR
0.99, 95% CI: 0.89–1.11). 

Interestingly, a population-based,
case-controlled study by Ambrosome
et al,56 which sought to detect the
presence of carcinogenic-DNA
adducts in exfoliated breast ductal
epithelial cells, showed a positive
association between the presence of
carcinogenic adducts and the use of
light-colored hair dye (OR 18.12, 95%
CI: 1.45–226.83). This is a surprising

finding because light-colored hair dye
is theoretically less carcinogenic
because it causes less destruction to
the hair shaft than darker shades. The
use of hair dye at least once in the
last six months was also an
independent risk factor.

Miscellaneous malignancies. A
meta-analysis by Takkouche et al49

pooled data on brain tumors, skin
cancer, ovarian cancer, and cervical
cancer. Two studies per site were
analyzed.49 The risk was nonsignificant
for skin cancer (0.89, 95% CI:
0.53–1.9), ovarian cancer (RR 0.74,
95% CI: 0.51–1.07), and cervical
cancer (RR 0.89, 95% CI: 0.53–1.9),
but significance was observed for
brain tumors (RR 1.83, 95% CI:
1.16–2.89) and ovarian cancer (RR
1.71, 95% CI: 1.15-2.53). These
significant findings are questionable
because they are based on small case-
controlled studies. 

Parental exposure and risk of
malignancy in the unborn child.
Understanding the malignant
potential of hair-dye products when
used during pregnancy is of great
importance due to the possible risk of
exposure to the unborn child. Of the
four case-controlled studies
examined, three demonstrate a
positive relationship between cancer
development and hair-dye exposure.
McCall et al57 explored the association
between maternal hair-dye use and
the risk of neuroblastoma in the
offspring. They concluded that
maternal hair-dye use a month before
conception and throughout pregnancy
increased risk of neuroblastoma in the
offspring (OR 1.6, 95% CI: 1.2–2.22).
Risk stratification based on hair-dye
type revealed a greater risk for
maternal use of temporary hair dyes,
rather than use of permanent hair
dyes. This is a surprising finding, as
the use of permanent hair dye has
been more consistently associated
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with carcinogenesis, and temporary
hair dye does not penetrate the hair
shaft. 

Another study showed significant
risk of childhood brain tumors in
offspring of mothers using hair dye
within five years of childbearing after
1980.63 Once again, this finding
contradicts previous data, which has
shown increased risk with dye
exposure prior to 1980. These studies
suggest there may be harm to the
baby in utero and therefore pregnant
patients should be warned about
possible carcinogenesis. Thus, it is the
authors’ current recommendation that
pregnant patients avoid all hair
coloring products. 

Finally, Chen et al58 conducted a
case-controlled study examining the
relationship between exposure to
pesticides, chemicals, dusts, fumes,
metals, hair dye, and the development
of childhood germ-cell tumors.58

Maternal use of hair dye during
breastfeeding increased risk of
childhood germ-cell tumors (OR 1.5,
95% CI: 1.0–2.2), primarily in girls.
Maternal use of hair dye one month
prior to pregnancy was associated with
an increased risk of tumors in boys. 

In 1994, Bunin et al59 published a
population-based case-control study of
321 cases of childhood astrocytic
glioma or primitive neuroectodermal
tumors of the brain with 321 age-
matched controls. Maternal use of hair-
coloring products during pregnancy
was not associated with childhood
development of astrocytoma (OR 0.7,
95% CI: 0.3–1.6) or primitive
neuroectodermal tumors of the brain
(1.1, 95% CI: 0.4–2.6). 

Conclusion
Hair coloring products have proven

to be potent carcinogens in animal
models. Epidemiological evidence of
hair-coloring products as human
oncogenic agents remains largely

inconclusive due to mixed results.
However, enough evidence exists to
help counsel questioning patients. 

The first step is to explain that
epidemiological evidence attempts to
calculate risk, but in no way
represents direct correlations. With
that said, the strongest evidence
points toward an increased risk of
NHL, especially of the follicular
subtype. Patients with a personal or a
first-degree family history of NHL
should be cautious in utilizing hair
dye because there may be a
cumulative risk. 

The studies, for the most part,
document that risk is further
increased with darker colors and
increased number of exposures.
Alarming data points toward a link
between hair-dye use in pregnancy
and the development of several
childhood malignancies in offspring.
Concerned pregnant women should
avoid all hair coloring. 

Finally, the authors counsel their
patients to apply a petroleum-based
ointment to the scalp skin prior to hair-
dye application to minimize direct
cutaneous exposure to the dye. They
also advise their patients to reduce the
time of dye application by 25 percent
for each hair-dying session. Although
these methods have not been studied
and no known investigation
differentiates risk of malignancy based
on the time of exposure or the route of
chemical administration via cutaneous
diffusion, these may be good anecdotal
practices for patients who dye their
hair. 
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